Introduction
Recent efforts to find new antivirally active compounds can be regarded as a revival of nucleoside chemistry in general. New types of nucleosides have been synthesized by modifying either the sugar moiety (1 -6) or the aglycone (7 -9) to achieve biological activity. The structural relationship between the lumazine N-l-nucleosides (10) (11) (12) (13) (14) and uridine, thymidine, and their synthetic analogues such as the a ntivirally active 5-iodo- (14) , 5-trifluoromethyl- (15) , and E-5-(2-bromovinyl)2' -deoxyuridine (16) as well as the 1-~-D-arabinofurano sy lth ymine (17) justifies our intention to extend our former studies in thi s series to newly substituted lumazine derivatives. As potentially interesting candidates appeared the 6-and 7-p-bromophcnyllumazines, which have been ribosylated and modified at the aglycone and carbohydrate moieties by more or less sta ndard reactions.
Results and Discussion
The starting materials for the glycosylation reactions have been synthesized from 5,6-uracildiamine (1) (18) and p-bromophenylgl yoxa l leading in 85% sulfuric acid solution to 6-p-bromophenyllumazine (2) and in an aqueous ammonia-ethanol mixture to the corresponding 7-isomer (3). Ribosylation was achieved by the Hilbert-Johnson-Birkofer procedure (19) converting 2 and 3 respectively first into their trimethylsilyl derivatives 4 and 5 followed by treatment with 1-0-acetyl-2,3,5-tri-O-benzoyl-~-D-ribofuranose (6) in 1,2-dichloro-ethane under trimethylsilyl trifluorosulfonate catalysis (20) . These conditions guarantee a highly regioselective reaction towards N-l substitution and afforded the 6-(7) and 7-p-bromophenyl-l- 
The protected lumazine nucleosides 7 and 11 are subject to easy thiation reactions which proceeded smoothly with P4SIO or Lawesson reagent in boiling dioxane to give the corresponding yellow-coloured 4-thio nucleosides 9 and 13 in excellent yields. The assignment of their structures is derived from comparisons of their UV spectra with that of I-methyl-6,7-diphenyl-4-thiolumazine (21) (17, 18) . Treatment of 8 and 12 with diphenyl carbonate and a catalytic amount of Na-HCO, in DMF at 160 "C (12, 22) led to 6-(17) and 7 -p-bromopheny 1-2.2' -ahydro-l-~-D-arabinofuranosyllumazine (18) , which were hydrolysed by 0.1 N H 2 S0 4 in acetone to the corresponding arabinosides 19 and 20 in good yields .
Physical Properties
The structures of the newly synthesized pteridine nucleosides were assigned and proven by UV and IH_ NMR spectral comparisons with known structural analogues. The small bathochromic shift of the long wavelength absorption band in the UV spectra of 8 and 12 changing from the neutral form to the monoanions is in agreement with former results (10) and indicates clearly the N-1 substitution in these nucleosides ( Table 1 ). The introduction of a thioxo group into the 4-position causes the welJ-known bathochromic shift (21) of the lumazine derivatives and is also associated with an increased acidity of such molecules of about one pKa unit in comparison to the oxo analogue. It is also noteworthy to mention that the 7-p-bromophenyllumazine derivatives exhibit, due to a stronger mesomeric interaction of the 7-substituent with the nucleus, a higher extinction than its 6-substituted counterpart. This fact can help in differentiating between 6-and 7-phenyl-substituted lumazines in general.
Other fine structural features can be depicted from the lH-NMR spectra ( In a mixture of 100 ml of H 2 0 and 100 ml of cone . aqueous ammonia were dissolved 3.55 g (0.025 mol) of 5,6-uracil-diamine (I) and then a solution of 5.69 g (0.03 mol) ofp-bromoglyoxal hydrate in 250 ml EtOH added. The mixture was refluxed for 2 h and after cooling the dark-yellow precipitate (7.5 g) collected.
Recrystallization from DMSO gave 6.79 g (56%) of yellow crystals of m . p. > 300e. UV 
6-(p-Bromophenyl ) -1-(2,3 ,5-tri-O-benzoyl-{3-D-ribofuranosyl)-lurnazine (7)
In 35 ml of hexamethyldisilazane were heated 2.62 g (7.15 mmol) of 2 and a few crystals of ammonium sulfate under reflux for 18 h . The solution was evaporated to dryness, the residue (4) dissolved in dry 1,2-dichloroethane (50 ml) and then a solution of 3.6 g (7.15 mmol) of 1-0-acetyl-2,3,5-tri-O-benzoyl-13-D-ribofuranose (6) in dichlorethane (20 ml) added . The 13 mixture is stirred for 2 h at room temp. after addition of 1.5 ml of trimethylsilyl trifluoromethane sulfonate. The reaction mixture was then partitioned between CH 2 Ch and a dilute aqueous NaHCO, solution. The organic layer was dri ed (Na2S04) and then evaporated to dryness. The residue gave on recrystallization from CHCl, 90% of colorless crystals ofm. p. 238 -239°C. (8) 1. To dry MeOH (100 ml) were added 1.5 g (1.97 mmol) of 7 and 0.4 g of K 2 C0 3 • The mixture was stirred for 18 h at room temp. , then evaporated to dryness, the residue di ssolved in hot water and then acidified to pH 5 by dilute AcOH . The precipitate was filtered off and gave on recrystallization from MeOH 0.81 g (89%) of colorless crystals of m. p . 284°C (decomp.) . 2. In dry MeOH (50 ml) were dissolved 0.03 g of Na and then 0.76 g (0.1 mmol) of compound 7 a dded and stirred for 24 h at room temp. The reaction mixture was evaporated to a small volume (10 ml), H 2 0 (50 ml) added and then extracted several times with ether. The aqueou s layer was treated with dilute AcOH to pH 5 to form a solid . This material was filtered and gave on recrystallization from MeOH 0.3 g (68 % ) of colourless crystals of m. p . 284°C (decomp .). This product was chroma tographically and spectrophotometrically identica l with the previously desc ribed material.
6-(p-Bromopheny l ) -I-[3-D-ribofuranosy llurnazine

6-(p-Brornopheny l ) -1-( 2,3 ,5-tri-O-ben::oyl-{3-D-ribofuranosyl ) -4-thiolurnazine (9)
1. A mixture of 1.53 g (2 mmol) and 1.3 g (2 .9 mmol) of P 4 S IO was heated under reflux in dry dioxane (50 ml) for 2 h . After cooling was filtered and then the orange filtrate evaporated to dryness. The residue was partitioned between CRCl, and brine solution, the organic extract dri ed over Na2S04, filtered and again evaporated to a yellow solid. Recrystallization from CHCl,/ MeOH gave 1.4 g (92%) of yellow crystals of m. p . 253 -255°C.
C58.54 H3.49 N7.18 Found C 58 .25 H 3.30 N 7.14 2. A mixture of 0.76 g (0.1 mmol) of compund 7and 0.55 g (1.36 mmol) of Lawesson reagent in dry dioxane (30 ml) was refluxed for 48 h. After cooling the suspension was evaporated to dryness and then the residue partitioned between CHCl 3 and brine solution. The organic layer was dried (Na2S04), filtered, evaporated and then the residue recrystallized from CHCL \IeOH to give 0.7 g (90%) of yellow crystals o f m . p . 25~C. Mixed m . p. , UV and lH-NMR spectra are identical with the previously described materi~ll.
0-{'-Broll1opheny l ) -I-[3-D-ribofuranosy l-4-thioluma-
::ille (10 ) In dry MeOH (40 ml) was stirred 0.56 g (0.7 mmol) of 9 and 0.13 g of K 2 C0 3 for 20 h at room temp. The mixture was evaporated to dryness , the residue dissolved in warm H 2 0 and then acidified to pH 5 with dilute AcOH to give 0.29 g (88 % ) of yellow crystals of m . p. 260°C (decomp.).
C 17H1SBr N 4 0SS (M,467.3)
Calc.
C 43.69 H 3.18 N 11.98 Found C 43.86 H 3.41 N 11.76
7-( p-Bromopheny l ) -1-( 2 ,3 ,5-tri-O-benz oy l-[3-D-ribofuranosyl ) -lumazine (11)
A mixture of 2.7 g (7.0 mmol) of 6-(p-bromophenyl)-lumazine (3) and a few crystals of ammonium sulfate was heated in 50 ml of hexamethyldisilazane under reflux for 20 h. The solution was evaporated to dryness after cooling to a solid residue of 5. It was dissolved in dry 1,2-dichloroethane (45 ml) and then a solution of 3.72 g (7 mmol) of 1-0-acetyl-2,3,5-tri-O-benzoyl-ribofuranose (6) in dichlorethane (30 ml) added and followed by the dropwise addition of the catalyst trimethylsilyl trifluoromethanesulfonate (2.5 ml). After stirring for 2 h at room temp., the solution was partitioned between chloroform (50 ml) and an aqueous solution of NaHC0 3 (50 ml). The organic layer was separated, dried over Na2S04, filtered and evaporated to a pale yellowish residue (4.93 g). Recrystallization from chloroform/ MeOH yielded 4. C58.54 H3.49 N7.18 Found C58.39 H3 .51 N7.16 (14) A mixture of O. 7 g (9 mmol) of 13 and 0.24 g of K 2 C0 3 in dry MeOH (50 ml) was stirred at room temp. for 18 h . It was evaporated, the residue dissolved in warm 
4-Amino-6-(p-hromopheny l ) -1-[3-D-ribofuranosy lpteridin-2 ( J H ) -one (15)
In a pressure vessel were heated 0.8 g (1 mmol of 9 in 25 % methanolic ammonia (50 ml) to 100 D C for 48 h. The reaction solution was treated with charcoal, filtered, the filtrate evaporated to dryness and the residue recrystallized from MeOH to give 0.15 g (34%) of colorless crystals of m. p. 260°C (decomp. 
2,2' -Anhydro-6-( p-bromophenyl) -1-fJ-D-arabinofuranosyl/umazine (17)
A mixture of 0.5 g (1.1 mmol) of 8, 0.26 g (1.5 mmol) of diphenyl carbonate, and a catalytic amount of NaHC0 3 (10 mg) in dry DMF (15 m\) was heated to 155 -160°C for 20 min. After cooling the solvent was evaporated to dryness and the residue treated with boiling ether and then the precipitate collected. Recrystallization from MeOH yielded 0.22 g (46%) of a colorless crystal powder of m . p. 282 -284°C. 
